This study examined the growth performance of Odontesthes bonariensis, O. humensis and hybrid (O. bonariensis X O. humensis) in intensive culture system for a period of 180 days, using the body weight (W), total length (Lt), condition factor (CF), allometric coefficient (b), specific growth rate (SGR) and estimates of body weight and maximum total length (W max , Lt max ) as indicators. Fish were randomly selected from three genetic groups (Bonariensis, Humensis and Hybrid), divided into water recirculation system consisting of 12 tanks (50 L). 12 measurements of body weight and total length (0, 2, 7, 14, 21, 30, 45, 60, 75, 90, 120, 180 days) were taken by means of a random sample of 10 subjects per replicate. All genetic groups grew in weight and length over the period analyzed, being influenced by the genetics of each species. O. bonariensis showed the best performance in growth and hybrid fish showed intermediate growth and estimated maximum body weight exceeding the pure species. Based on these results, it would be helpful the selective breeding and formation of domesticated strains.
Introduction
The cultivation of native fish species is being used extensively in aquaculture, but with no expression in the world market. The increased production is possible only by increasing the fish size or the growth of genetically improved fish (TAVE, 1996; GJEDREM, 2012; GJEDREM; ROBINSON; RYE, 2012) . The domestication and genetic breeding of species used in aquaculture will be completed by controlling the biological aspects (NEWKIRK, 1980) , including genetics and knowledge of the productive performance such as: weight, length, specific growth rate, condition factor and allometry coefficient. In the aquaculture, breeding programs are based on selective breeding, hybridization, triploidy and more currently the marker-assisted selection (GJEDREM, 1983; TAVE, 1996; HULATA, 2001; SACOBIE et al., 2012) . The hybrid fish exhibit rapid growth and high disease resistance (SENANAN et al., 2004) , also it stands out for its low cost and rapid achievement of genetically improved animals in comparison to selective breeding and marker-assisted selection.
The pejerrey is a representative of the order Atheriniform that includes fish found in fresh, marine, tropical and temperate waters (DYER, 2006) . The genus Odontesthes has most of species and most widely distributed, being found in coastal marine waters, freshwater lakes (BEMVENUTI, 2006) and stored successfully in artificial basins of South American countries.
In Brazil, it is mainly present in the Mangueira and Mirim lagoons, located on the coast of Rio Grande do Sul, southern Brazil, where several species have been described as Odontesthes bonariensis, O. humensis, O. mirinensis, the species O. bonariensis and O. humensis being the most commonly found POUEY, 2004; DYER, 2006) . The high quality of pejerrey, good commercial acceptance, meat taste, smell, texture and chemical characteristics similar to those of exquisite marine species (SOMOZA et al., 2008) have also encouraged the cultivation in places far from its native area of distribution such as Japan and Italy (BAIGÚN; COLAUTTI; GROSMAN, 2009).
The pejerrey production techniques progressively improved, being possible to complete the production cycle in rearing system in tanks (MIRANDA et al., 2006) . In Japan there are several farms and intensive rearing of pejerrey (VELASCO; BERASAIN; OHASHI, 2008), but in countries like Brazil, Argentina, where this species is native, the production is still insufficient being restrict to production of fingerlings for resettlement and artisan culture (GROSMAN, 2002; PIEDRAS et al., 2009 ). In extensive farming in cages in shallow lakes of Argentina, the production of pejerrey reaches on average 2085 kilograms per hectare (COLAUTTI et al., 2010) .
The starting point for successful rearing of pejerrey is the consolidation of a breeding program (TAVARES et al., 2011) 
Material and Methods
Breeders of O. bonariensis and O. humensis were collected in Mangueira Lake (S 32 ° 59 '12 "and W 52 ° 42 '42 ") The experiment was conducted at the Laboratory of Ichthyology at the Federal University of Pelotas. After hatching, 2000 larvae from each population were randomly selected and divided into four repetitions, totaling 6000 individuals. The animals were kept for 180 days in recirculating water system with tanks of 50 liters, being performed 12 measures in total length (Lt) and body weight (W) (0, 2, 7, 14, 21, 30, 45 , 60, 75, 90, 120, 180 days) by means of a random sample of 10 subjects per replicate.
From 0 to 90 days, the sampled animals were euthanized by deep anesthesia with benzocaine solution of 0.2 gL -1 measured individually with ictiometer of 0.05 mm precision and weighed for each group of 10 animals, with 0.01 mg precision scale. For the other analyzes, fish were fasted for 24 hours and then anesthetized with benzocaine solution of 0.1 gL -1 , measured and weighed individually. At 60, 90 and 120 days, the density by repetition was adjusted to 250, 50 and 10 animals, respectively.
All fish were fed ad libitum on the same diet, where from 0 to 30 days the diet provided was zooplankton (rotifers, cladocerans and copepods), from 30 to 60 days diet was zooplankton (rotifers, cladocerans and copepods) and plus commercial feed, Acq line initial fingerlings-Supra ® (Alisul, Brazil) with 56% crude protein and 3700 kcalkg -1 of digestible energy, and from 60 to 180 days the animals were fed on the same commercial diet, 6 days per week, twice per day.
The animals were reared in a water recirculation system consisting of 12 water propylene tanks of 50 L and a biological filter of 500 L, with mean temperature of 20.84±0.86°C, pH 7.6±0.5, 4.50±1.05 mgL -1 dissolved oxygen, 0.002 mgL -1 maximum ammonia total and for decreased stress and disease prevention was used a 5 gL -1 NaCl, parameters considered acceptable for the species (PIEDRAS; POUEY, 2004). Siphoning was performed daily for the removal of waste accumulated at the bottom of tanks, including biometric days, and every 30 days cleaning of the biological filter.
Specific growth rate for body weight (SGR W ) and specific growth rate for total length (SGR Lt ) were calculated using the formulas proposed by Ricker (1979) :
where W f e W i are body weight (mg) and Lt f and Lt i are total length (mm) at the end and beginning of time period t (d), respectively.
The alometric coefficient (b) was calculated by regression between W and Lt, using the equation described by Richter et al. (2000) :
Condition factor (CF) was calculated using the formula proposed by Bagenal (1978) :
where (b) is the coefficient of allometry.
Bartlett's test was used to test for data's variances homogeneity. The data on specific growth rate did not show normal distribution being transformed into logarithmic base. The variables total length, body weight and condition factor were analyzed using the ANOVA method, with populations (3 levels) and days (six levels) as fixed factors. Effects on specific growth rate for body weight and total length were examined by ANOVA, with population (3 levels) and time (5 levels) as fixed factors. When the ANOVA detected significant differences (α = 0.05), means were analyzed by multiple comparison test of Tukey.
The growth analysis for body weight and total length per day among populations was performed using linear regression. The estimate of the maximum length was obtained by linear regression equation of the total length and the estimated value of the maximum body weight was obtained by the equation:
where Lt max is the estimate of the maximum length.
All analyzes were performed with the aid of the software R 2.11.1.
Results
During the 180 days of growth, mortalities among populations showed no significant difference (mean 43%).
All populations were grown in body weight and total length throughout the period analyzed (Figs 1, 2 and Table 1 ).
In the initial analysis (day 0) the three populations showed significant differences in mean body weight, whose the Humensis population was the one with the highest value and the Bonariensis with the lowest one. At 30 days all populations were similar in mean body weight and at 60 and 90 days the mean body weight was higher for populations Humensis and Bonariensis compared to the Hybrid one. The population Bonariensis had mean body weight higher than the other populations at 120 days and higher than Humensis at 180 days and similar to the Hybrid population. Although the population Humensis presented significantly higher initial body weight, at the end of the growing period had body weight 29.92% lesser than the Bonariensis population (Table 1) . The initial average total length was significantly higher for Humensis population, but lower than Bonariensis at 60 days. The population Bonariensis continued with the average total length larger than the others, from day 60 until the end of 180 days, where 16.82% gain was obtained compared to the population Humensis and 10.03% compared to the Hybrid one (Table 1) .
Initially, the mean for condition factor of Bonariensis population was lower than other populations, but at 30 days it was significantly higher. From day 60 until the end period, Bonariensis population remained with mean value higher than Humensis and similar to Hybrid. The mean condition factor shows a decreasing trend from 30 to 180 days for all populations (Table 1 ).
The specific growth rate for body weight tended to decrease throughout the period (Table 2 ). In the period between 0 and 30 days, the population Bonariensis has on average the specific growth rate for body weight significantly higher than the populations Humensis and Hybrid. During the periods 30-60, 60-90 and 120-180 days the specific growth rate for body weight was similar for the three populations (Table 2) . The Hybrid population within 90 to 120 days had the highest average value of specific growth rate for body weight than the other populations, where the average body weight goes from a lower value at 90 days to a higher one at 120, compared to the Humensis population (Tables  1, 2 ). Bonariensis and Hybrid populations in the first period (0-30 days) differed from Humensis population for the mean values of specific growth rate for total length. In periods 30-60, 60-90, 90-120 no difference has occurred among populations and in the final period (120-180 days) the Hybrid population had higher specific growth rate for length compared to Humensis and Bonariensis populations (Table 2) . The quadratic regression model fitted best for all populations, on both growth in body weight as in total length (Figures 1, 2) .
The coefficient of allometry for the three populations was higher than three, ie, positive allometric growth with increase in total length more pronounced than in body weight for period of 180 days studied (Table 3 ).
The estimated maximum body weight was higher for the Hybrid population, but lower for the estimate of maximum total length. The population Bonariensis had estimated maximum total length higher than other populations, with estimated maximum body weight lower than the Hybrid population (Table 4) . 
Discussion
The difference in growth performance among populations clearly demonstrates the genetic influences within each species and the diversification of pejerrey species supported by Dyer (2006) and Bemvenuti (2006) . Body weight and initial total length for the three populations are similar to those found by Costa et al. (2009) for Odontesthes argentinensis. At 30 days the body weight and total length are similar to those reported by Piedras and Pouey (2004) for O. bonariensis fed on natural and artificial diets, and those found by Costa et al. (2009) for O. argentinensis. Studies by Miranda et al. (2006) and Velasco, Berasain and Ohashi (2008) on intensive production of O. bonariensis had higher values of length and weight at 60 and 90 days compared to this study. Mean length and weight at 180 days showed superior performance of O. bonariensis compared to O. humensis. These means are similar to those obtained by Tsuzuki et al. (2000) studying the growth of Odontesthes hatcheri and O. bonariensis at 180 days and different saline concentrations. Colautti et al. (2010) in study of extensive farming in cages in the lake Lacombe, Argentina, during 315 days, obtained animals O. bonariensis with mean weight of 23.1 g and length 15.44 cm.
Hybridization did not show the expected growth performance, ie, higher compared to pure species, unlike other hybrid fish that have rapid growth (SENANAN et al., 2004; PANG, 2005; GREEN; RAWLES, 2010) , but studies involving hybrid fish are domesticated strains, used in breeding programs and related with sterility, and the pejerrey fish reach sexual maturation at least one year.
O. bonariensis showed better growth performance (W and Lt), even with lower total weight and initial total length. The fact that this species has high growth performance is related to the high specific growth rate in the initial period, probably by early feeding, as the pejerrey larvae have rapid development in hatching with pigmented eyes, mouth and anus opened (SAMPAIO; PIEDRAS, 2005) and the best adaptation and feeding provided, this species being considered zooplanctofagous POUEY, 2005) . Another factor to be considered is the energy reserve of the yolk sac, where species with the largest reserves begin exogenous feeding later. The lower initial body weight of O. bonariensis may be related to a lower yolk content, once reports of Strüssmann and Takashima (1989) and Phonlor and Vinagre (1990) show that this species had a survival period after hatching under fasting less than O. humensis.
The basic assumption for the analysis of the condition factor is that the fish under the best nutritional and health conditions are thicker and therefore heavier for a given length (RICHTER et al., 2000) . For the three populations of pejerrey the condition factor tended to decrease with increasing days of rearing. Lizama and Takemoto (2000) found that the condition factor is very broad among species, there not being a definite pattern in relation to growth. The species O. bonariensis presented higher body weight and condition factor at 180 days, although much less in comparison with the data published by Reartes (1995) : 10.10 g in 141 days; Berasain, Colautti and Velasco (2000) : 8.4 g in 198 days; Velasco, Berasain and Ohashi (2008) : 11.28 g in 196 days. These authors used low stocking density in cement tanks with a surface of 100 m², where only the replacement of water was held and there was no excessive cleaning management, decreasing the stress factor.
The specific growth rate is a common criterion used for selection in aquaculture breeding programs, where domesticated fish have higher growth rates than wild animals, due to higher rates of food consumption, more efficiency in using food and genetic effects (SACOBIE et al., 2012) . The specific growth rate for the body weight tended to decrease throughout the period similar to that found by Velasco, Berasain and Ohashi (2008) in experiment of intensive production of O. bonariensis juveniles.
In the period from 90 to 120 days, Humensis and Bonariensis populations showed drastic decrease in specific growth rate for body weight, but the Hybrid population had increased, resulting in higher body weight than the population Humensis at 120 days. This decrease was possibly due to stress (TSUZUKI et al., 2007; PIEDRAS et al., 2009 ) generated by adjusting animal density at day 90, where the condition factor decreased from 90 to 120 days in Humensis and Bonariensis populations and increased in the Hybrid ones. According to Gomiero and Braga (2003) , the condition factor indicates the degree of fish's well-being against the environment they live in and it must remain constant, regardless of size that the fish might have in a given period.
The coefficient of allometry has an important biological significance, indicating the rate of weight gain compared to the growth in length (FROTA; COSTA; BRAGA, 2004) and can be isometric when the allometric coefficient is equal to three, when negative allometric when allometric coefficient is less than three or positive allometric when the allometric coefficient is higher than three.
Colautti, Lenicov and Berasain (2006) states that the rates of growth between total length and body weight of fish are allometric, ie, these ratios are not constant. The alometric coefficient was higher than three for the three groups, similar to those of Colautti, Lenicov and Berasain (2006) for natural populations of O. bonariensis, and different from those found by Becker, Bruschi and Peret (2003) . These authors analyzed the three Odontesthes species: Odontesthes bicudo, Odontesthes piquava and Odontesthes ledae, showing isometric growth for juvenile and adult animals, except for adults of O. piquava that showed negative allometric growth. Due to the allometric coefficient of the Hybrid population being lower than the others, the estimated maximum body weight was greater and its estimated total length was lower, showing that Hybrid fish have a more rounded conformation estimated than O. bonariensis and O. humensis. This study concludes that the growth performance is influenced by the species and O. bonariensis showed the best growth performance for 180 days when reared in intensive conditions. Hybrid fish showed intermediate growth and estimates of maximum body weight exceeding the pure species. Based on these results, it would be helpful the selection of breeders and formation of domesticated strains.
